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ABSTRACT  
 

In order to examine the possibilities of using leaf color image analysis to estimate nitrogen 
status in citrus, two experiments were carried out. First experiment was conducted, on one-year-old 
seedlings of Volkamer lemon rootstock (Citrus volkameriana). Seedlings were sprayed each 14 days, 
throughout 9 months, with urea at (0, 0.5, 0.75, 1 and 1.5 gram/liter) as the only source   of nitrogen, 
to induce variation in leaf nitrogen content and different  degree of greenish , in the second 
experiment,  leaves from 20 years old navel orange trees (Citrus sinensis osbeck ), were used. Digital 
image were captured for collected leaf samples and both of nitrogen and chlorophyll contents were 
determined. 

Leaf image were processed by computer software to obtain intensity of the three main colors, 
red, green and blue (RGB), moreover, two indexes (equations) were calculated, i.e.  the Dark Green 
Colour Index (DGCI) and the Nitrogen RGB index (NRGB). 
 The correlation between (RGB) intensity with leaf chlorophyll and nitrogen content and relationship 
between leaf nitrogen and chlorophyll content were calculated. Hence, the correlation of both (DGCI) 
and (NRGB) functions with leaf nitrogen content was determined.  

Obtained results illustrated a high degree of correlation, for values of seedling leaf chlorophyll 
(a) content  and image  green color intensity with R=0.997. Moreover, a high correlation was recorded 
between leaf nitrogen and chlorophyll (a) content in seedling with R=0.968. Analyzing data showed a 
high correlation between nitrogen status in leaves and intensity of both red and green color 
components, with correlation coefficient of 0.992 and 0.971, respectively. As well, (NRGB) index 
showed high correlation with nitrogen content for both seedling and grafted trees with R = 0.947 and 
0.918, respectively. Also, data analysis illustrated a high degree of correlation between intensity 
values for (RGB) colors, from leaf image analysis and those obtained from color sensor device.  

Generally, image analysis offers a reliable, fast tool for nitrogen prediction in citrus leaves. 
Moreover, color sensor device might be helpful in obtaining values of the (RGB) color bands for 
citrus leaf instead of using a digital camera image. 
 
Keywords: citrus, Nitrogen status, Chlorophyll content, Color image analysis, Leaf image. 

 
Introduction 

Citrus occupies a high rank among fruit crops in Egypt; as the cultivated area nearly reached 
533,835 feddan producing about 4,646,579 tons, according to Ministry of Agriculture and Land 
Reclamation statistics (2016). Egypt is the sixth largest orange producer, about 51 % of the orange 
production in Egypt is exported, 46 % is consumed fresh, and 3 % is used for processing, according to 
the United States Department of Agriculture (USDA) report (2017). 

Nitrogen is considered as one of the most important nutrients as it plays a fundamental role in 
plant life cycle. It is necessary for growth, and a major component required for chlorophyll production 
and photosynthetic apparatus and in other plant cell ingredient as nucleic acids, amino acids and 
proteins.  Thus, it mainly affects crop yield and production. 

Consequently, assessing plant nitrogen status and thus optimizing nitrogen fertilization 
becomes main field of research attention due to its environmental and economic impact (Rorie et al. 
2011 and Munoz- Huerta et al. 2013). A current way for optimizing farming practices to obtain 
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friendly environmental yields and minimize applied cost is applying precision agriculture (Houles et 
al., 2007) 

From this point of view, citrus fertilization studies are concerned to coordinate tree demand 
with nutrient supply specially nitrogen in order to improve fertilizer utilization efficiency for a 
sustainable citrus production.  Plant tissue analysis has been considered as a reference method to 
estimate plant nitrogen status. kjeldahl digestion technique is the mostly used methods for estimating 
nitrogen; however, this method has disadvantages as it is a destructive and time-consuming method, 
moreover, the necessities of Sample preprocessing steps may lead to data inaccuracy (Martinez et al. 
2012 and Munoz- Huerta et al., 2013 Plaza et al., 2013). To overcome these defects, image processing 
technique, have been proposed to determine leaf nitrogen content. 

Color Image processing procedures mostly used in agriculture for adjusting the field practices 
like fertilizer and pesticide application according to demands and for maximizing agricultural profit. 
Recent studies, has focused on the use of digital imaging techniques as indirect non destructive 
technique for determining leaf nitrogen content, (Sridevy and Vijendran, 2015). 

For Image processing systems, different color models are used. Color model is a way of 
representing colors and their relationship to each other, different color models are used for image 
processing, as the RGB (Red, Green and Blue) color model, which analyze  any color  according to 
intensity values of the  three main colors red, green and blue (Kondekar and Bodhe 2018)  

Some indexes which derived from  the (RGB)  model were used  for image analysis as Dark 
green colour  index (DGCI)  which was developed by Karcher and Richardson (2003)  and Nitrogen 
correlation with RGB index (NRGB) initiated by Ali et al. (2013). 

The  use of Color image analysis for  determining  nitrogen status   in plant was documented  
for  many species plants as in apple trees by Treder et al. (2016), grape by Vibhute and Bodhe  
(2013), on tomato  seedlings, in pepper  plants Yuzhu et al.(2011),   wheat  by Li et al. (2010) and Jai 
et al. (2014) on cotton  

 The objective of this study was to determine the possibilities of using color image analysis 
based in red, green and blue (RGB) color model and other color index values as an easier, faster and 
low-priced technique for determining nitrogen level in citrus leave.  In addition, examining the ability 
and reliability of using a color sensor device in this issue; which obtain directly the intensity of Red, 
Green and Blue colors of the leaf.   
 
Materials and Methods 
 
 First experiment  
 

This experiment was conducted in the nursery of Horticulture Research Institute, Giza, Egypt.  
On one year old Volkamer lemon (Citrus volkameriana) seedlings planted in black polyethylene bags 
grown in a greenhouse. Sixty seedlings were selected as uniform as possible and divided into 5 
groups, each of 12 seedlings,  in order to induce different nitrogen (N) status and consequently a 
variation in leaf  (N) content  and degree of greenish color. The following treatments were applied as 
foliar spray:  
1- Control (Zero urea)  
2- Urea at 0.5 gram/liter  
3- Urea at 0.75 gram/liter   
4- Urea at 1 gram/ liter   
5- Urea at 1.5 gram/liter  

 
Treatments were applied each 14 days throughout 9 months. All seedlings received the 

recommended macronutrient and micronutrient doses except nitrogen fertilization which supplied 
according to the different treatments. Then, leaf samples were collected from the seedling middle 
region (the fourth or fifth leaf) for each replicate to capture their digital image and determine their 
nitrogen and chlorophyll content.  
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Second experiment 
 

Leaf samples were collected from, 20 years old, navel orange trees Citrus sinensis (Citrus 
sinensis osbeck) budded on sour orange (Citrus aurantium ) rootstock. Trees selected to be apparently 
healthy with no sign of any nutrient deficiency on vegetation, six-month-old spring flush leaves, 
(fourth or fifth leaf) were collected from non fruiting shoots during August, according to Zekri et al. 
(2015). Leaf sample consist of approximately 75 leaves taken from 15 trees to capture their digital 
image and determine their nitrogen content.  
 
Leaf imaging  
 

Digital image was captured as JPEG format for each leaf, using digital camera with resolution 
of 3872 x 2592 pixels, (10 megapixels). Images were captured at 15 cm height from leaf surface at 
day light between 9:00 am and 11:00 am to avoid the adverse effect of the direct sun light, as image 
should be captured without any light reflections on leaf blade. 
 
Image analysis  

Images were analyzed to obtain average intensity values of the basic three color bands i.e., red, 
green and blue (RGB) from 0 - 255 of each color band by Adobe Photoshop 7.0. The correlation 
between each of the three intensity values with nitrogen status was calculated . In addition, (RGB) 
intensity values used to obtain other colour indices i.e., Dark Green Colour Index (DGCI) and 
Nitrogen correlation with RGB (NRGB) index. 

Dark Green Colour Index (DGCI) covers, dark green colour on a scale of zero to one as values 
closer to one representing a darker green. To obtain this model, (RGB) color model first converted to 
HSI color model (hue, saturation, and light intensity) by using MATLAB 7 software. Then (DGCI) 
dark green colour index was calculated according to Karcher and Richardson (2003) by the following 
equation: using values of HSI colour model.  

                    DGCI = [(H − 60)/60 + (1 − S) + (1 − I)]/3 
Nitrogen correlation with RGB (NRGB) index was calculated, as suggested by to Ali et al. 

(2013) using averaged red, green and blue values by the following equation:                    
 NRGB = [G − R/2 − B/2]. 

 
All collected leaves were categorized into groups according to average values of the basic three 

band colors (RGB).  
Leaves were subjected to the following analysis in groups of nearly similar (RGB) values. 
 
A) Determination of  Leaf minerals (N, Mg,Zn and Fe)  
 

  Leaves from both experiments were analyzed for N, Mg, Zn and Fe content, to eliminate any 
leaf sample out of the optimum limits of these minerals so as to exclude any factors which may 
interfere with leaf color inspection. 

 Leaf samples were dried then digested, digested samples were used to determine content of 
minerals in leaves. 

 Total nitrogen percentage in leaf samples was determined by Microkjeldahl method described 
by Cottenie et al. (1982) 

Zinc and Iron were determined by using Atomic absorption spectrophotometer (Thermo 
Jarrellas H.). Magnesium was determined by the versenate method according to (Richards 1954). 

 
B) Chlorophyll content  determination  
 

Leaves were extracted with dimethyl formamide solution [HCON (CH3)2] and kept for 48 h at 
temperature 5 °C under dark conditions .Chlorophyll (a) and (b) were measured by spectrophotometer 
(Beckman Du 7400) at wavelengths 663 and 647 . Chlorophylls were calculated (as mg/100g FW) 
according to the equations described by Nornai (1982). 
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 Chlorophyll a =12.70 A663 – 2.79 A647  
Chlorophyll b =20.76 A647 – 4.62 A663  
Total Chlorophyll =17.90 A647 + 8.08 A663. 
  
Statistical analysis: 
 

 Standard regression analysis was performed at confidence level 5%, using XLSTAT software 
to find the relationship between all variables. Correlation (R) was conducted to analyze the strength of 
correlation between measured parameters and coefficient of determination (R2) was computed to 
measure the relative amount of variations clarified by the relationships in the study  
 
Portable color sensor device: 
 

Prototype portable color sensor is a device invented and installed for this trial to get faster, 
reliable and easier reading for the intensity value of Red, Green and Blue colors of citrus leaves. 
Prototype for portable color sensor device consists of: 
1-Color detector, including sensor chip model (TCS230 ) which is programmable converter,  change 
color light-to-frequency with four white LEDs for illumination, Kunhimohammed et al. (2015). 2- 
Microcontroller (Arduino Nano 3.0) Input Voltage 7-12 Volt Operating Voltage 5 Volt.3- LCD 
module, 16 character 2 lines.4- Switch. 5- Jumper Wires. All components are connected to 
Breadboard.  

In order to use that prototype device, Arduino software was used for programming the color 
sensor. Thus, the programmed color sensor read the black color values as 0, 0, 0 for (R G B) and the  
white color values as 255, 255, 255. Color sensor, calibration with the readings recorded by Adobe 
Photoshop 7.0 followed the procedures by Seelye et al. (2011).  
 
Results and Discussion 
 
First experiment 
 

 This Experiment was conducted on leaves collected from Volkamer lemon seedlings that 
received different nitrogen rates. Seedling leaves from which did not receive any nitrogen fertilizer 
were eliminated, as they, suffer from sever visible nitrogen deficiency symptoms. 

Correlations between leaf chlorophyll and nitrogen content, (RGB) values, colour indices 
(DGCI) and (NRGB) for leaf image were calculated. 

Figure (1) illustrated the Correlation between seedling leaf chlorophyll content and recorded 
intensity of the three basic colours (RGB), obtained from seedling leaf image analysis. Presented data 
show high closely correlation between each of chlorophyll a (Chl a), chlorophyll b (Chl b) and total 
chlorophyll (Chl a + b) and both the green and red color component. While, obtained results of the 
blue color component show a feeble correlation with leaf chlorophyll contents. These associations 
were demonstrated in Table (1) as they pointed out the values of  linear correlation coefficient (R)  
and coefficient of determination (R2)  between the three basic colours (RGB) and Chl a, Chl b and 
Chl a + b. 

Generally , it could be noticed that the greatest values for the linear correlation coefficient , was 
recorded for chlorophyll a values and intensity  values of red color followed by  green color and the 
lowest was for  blue color component   

Obtained results is reinforced by  the finding of  Barman et al.(2018) working on (Citrus Limon 
L. Burmf) as they found that , in tender leaves  the  best correlation coefficient  was between leaf 
Chlorophyll content and mean green values,  whereas, in  both immature and mature leaves best 
correlation coefficient was found to be between leaf chlorophyll content and mean red values in 
processed leaf image .  

In this line, Hu et al. (2013)  mentioned that, by  analyzing image of  rice leave, a higher 
correlation coefficient  was found between the green color data with Chl a, Chl b or Chl a + b, than 
the red color values. Conversely, no significant relationship was found between the blue color values 
and Chl a, Chl b, or Chl a + b. In the same concern, Bachik et al. (2017) and Thaiparnit and Ketcham 
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(2017) showed that  there is a high correlation between  the average value of the (RGB) colours and  
the amount of the chlorophyll in rice leaf. 
 

 

 

Fig. 1: Correlation between (RGB) colours component and Chl.a, Chl.b and Total Chl   content in 
leaves of Volkamer lemon seedlings. 
 

Moreover, Liang et al. (2017) revealed that for Arabidopsis seedling the (RGB) values of a 
color leaf image could be used to estimate the leaf chlorophyll. In addition, high R2 was detected for 
the summit correlation between foliar chlorophyll content values and leaf image processing based on 
(RBG) model in quinoa and amaranth leaves (Riccardi  et al. 2014).  
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Table 1: The values of linear correlation coefficient and coefficient of determination for the relation 
between leaf chlorophyll content and (RGB) colour component. 

Variables 
 Linear correlation 

coefficient 
Coefficient  

determination 

Mean red color values 
Chlorophyll a 0.986 0.973 
Chlorophyll b 0.974 0.948 
Total Chlorophyll 0.929 0.863 

Mean green color values 
Chlorophyll a 0.977 0.994 
Chlorophyll b 0.993 0.986 
Total Chlorophyll 0.482 0.232 

Mean blue color values 
Chlorophyll a 0.874 0.764 
Chlorophyll b 0.490 0.240 
Total Chlorophyll 0.521 0.271 

 
Nitrogen and chlorophyll contents are directly correlated to leaf greenness. (Ma and 

Dwyer 1999)  Moreover, as regards to leaf nitrogen status and chlorophyll content relationship, it is 
clearly noticed that, there is a high correlation between nitrogen content and chlorophyll 
concentrations in studied citrus leaves. Attained results (Figure 2) show a higher significant  
correlation between nitrogen content and chlorophyll(a) , chlorophyll(b) and total chlorophyll where  
the values of  linear correlation coefficient  (R ) were 0.968, 0.951and 0.961, respectively.  

Linear correlation is well documented in many plant species as in wheat plant (Bojovic and 
Markovic 2009), rice and cucumber leaves, Juanxiu  et al.(2010) and in maize plant ( Hokmalipour 
and Darbandi, 2011). 

  
 

Fig. 2: Correlation between nitrogen % and Chl.a, Chl.b and Total Chl   content in leaves  of 
Volkamer lemon seedlings. 

 
This closely relation between nitrogen and chlorophyll content may be explained by the fact 

that, nitrogen is considered a basic component of the photosynthetic apparatus as the proteins of the 
Calvin cycle, thylakoids and photosynthetic enzymes represent the majority of leaf nitrogen content. 
Additionally, nitrogen element is essential for normal chloroplast formation and consequently 
photosynthetic capacity of leaves is related mainly to leaf nitrogen content. (Evans 1989) and Kutik et 
al. 1995). 

In Cleopatra mandarin (Citrus reticulata Blanco) seedlings total chlorophyll concentration 
increased linearly with increasing leaf nitrogen content. Furthermore, seedling leaves with high 
nitrogen content had large chloroplasts with well-developed grana, stroma lamellae and intense starch 
granules that enlarged with increasing leaf nitrogen content. As for as, chlorophyll molecule is 
embedded in the thylakoid membrane and increasing the synthesis of chlorophyll, this would result in 
extension of thylakoid membrane demonstrated by the increased number of grana and thylakoids for 
each grana (Bondada and Syvertsen, 2003). 

In the same concern Schlemmer et al. (2005)  mentioned that, photosynthetic potential in leaves  
is directly proportional to the quantity of chlorophyll present in leaf   and  that leaf nitrogen content 
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has a direct proportional impact on chlorophyll content. In addition, Makino and Osmond (1991) 
pointed out that, chloroplast nitrogen represent, 75 to 80% of total pea leaf nitrogen. 

From other point of view, powerful correlation between chlorophyll and leaves nitrogen 
contents confirmed by the fact that, the decline in nitrogen leaf content appeared concurrently with the 
rate of chlorophyll breakdown, since leaf pigments have a large amount of protein complexes 
(Tartachnyk and Blanke, 2004). Besides, the loss of nitrogen content is associated with the loss of 
other proteins related to photosynthesis, as Ribulose-1, 5-bisphosphate carboxylase/oxygenase, which 
accounts up to 50% of nitrogen in chloroplast (Smart, 1994). 

Regarding the relationship between the nitrogen status in citrus seedling leaves and the 
intensity of the three basic color components , correlation presented in Fig (3) disclosed that, leaf 
nitrogen content  is proportional   with the reading of  both red  and green color components,  with  
higher significant  correlation coefficient where (R)  were  0.992 and 0.971, respectively, and the 
coefficient of determination (R2 ) between leaf nitrogen content  and red and green  color component 
were 0.985 and 0.944 respectively with a clear liner trend for each of them. 

As, for blue color component; leaf nitrogen content revealed  a direct proportionality with 
reading of blue color band, with a significant low correlation coefficient where, R was 0.536 and 
coefficient of determination R2 was 0.288, without a clear trend. 
 

 

Fig. 3: Correlation between nitrogen content in leaves of   Volkamer lemon seedlings and  (RGB) 
colour components  of   image. 

 
In this line, Kunte et al. (2016) indicated that, it is possible to estimate nitrogen status in 

pomegranate leaf by using an image processing technique, which is considered easy and   low cost  
accurate method  as compared to traditional  nitrogen determining  methods as  MicroKjedehl method. 
Moreover, significant correlations between leaf N concentration and the red or green components of 
color have also been confirmed by Treder et al. (2016) on apple trees, Mercado-Luna et al. (2010) on 
tomato and Yuzhu  (2011)  on pepper.  They affirmed significant correlation between either of the 
(RGB) values or derived (RGB) indices of processed color images and plant nitrogen status 
concluding that, color image analysis offers a precise and quick technique for leaf nitrogen estimation.  
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For leaf colour evaluation indices (DGCI),obtained results in  Figure (4) showed  a strong 
correlation between citrus leaf nitrogen content and (DGCI) as the correlation coefficient with a linear 
model recorded was R (0.843) and the coefficient of determination  R2  (0.711). Such results are 
confirmed by the findings of Karcher and Richardson (2003) as they reported that, DGCI can be a 
precise means to predict nitrogen (N) leaf concentration in the Turfgrass. 
 

 
Fig.4: Correlation between nitrogen content in leaves of Volkamer lemon seedlings and dark green 

colour index 

In addition, Rorie et al. (2011) study the relationship between (DGCI) and   nitrogen 
concentration in corn leaves indicated that, (DGCI) might be used to estimate nitrogen status in corn 
plants.  

Moreover, Bai (2016) declared that, (DGCI) could be used to determine the intensity of 
greenness in soybean.  In the same concern, Rhezali and Lahlali (2017) stated that, manipulating the 
(DGCI) potentially could alter the means by which   farmers determine the quantity of N fertilizer 
added to maize crop. 

The recorded readings for nitrogen correlation with (NRGB) index Figure (5) show, a highly 
close significant correlation between nitrogen content in citrus seedling leaves and (NRGB) index (R = 
0.947 & R2  = 0.898). It could be noticed that, (NRGB) function show a higher correlation coefficient as 
compared with (DGCI) function 

 
Fig. 5: Correlation between Nitrogen content in leaves of  Volkamer lemon seedlings and (NRGB) 

index. 
 

Generally, we may state that either of the basic colors red, green or blue intensity obtained from 
leaf image analysis or the suggested models (DGCI) and (NRGB) is highly correlated with leaf 
chlorophyll content that formed basically from nitrogen element, and thought it could be used to 
predict the nitrogen status in citrus leaves, and that the (NRGB) function show higher correlation 
coefficient with leaf nitrogen content .Beside ,calculating the (NRGB) function include  direct use of 
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the recorded values of all the three  basic color components , which make it more reliable  to be used 
in correlating  citrus leaf nitrogen content with data obtained from leaf image analysis. 

  
Second experiment 
 

This experiment was conducted on leaf samples collected from navel orange tree to verify the 
relationship between nitrogen content in citrus leaves and values for the (NRGB) index, which was 
calculated using the recorded values (RGB) obtained from leaf image analysis. Image acquisition was 
carried out in the field under natural light before solar noon which was the period with the most stable 
illumination at the top of the atmosphere. This makes sure that the light intensity is not changing too 
much during image acquisition in a single day.  

Obtained results in figure (6) illustrate high correlation between leaf nitrogen content and 
(NRGB) index where the recorded value of correlation coefficient was (R = 0.918) which represent a 
high correlation, confirming the data obtained from the first experiment 

 

 
Fig. 6: Correlation between Nitrogen content in leaves of navel orange trees and (NRGB)  index 

Portable color sensor device 
 

Part of this study was conducted to; evaluate the possibility and precision of using portable 
color sensor to obtain values of the (RGB) color bands of the citrus leaf instead of using a digital 
camera image for the leaves followed image analysis by software. 

Using that color sensor device makes it faster and easier to obtain accurate intensity value for 
RGB color bands, since color sensor device provide the intensity data for (RGB) directly through an 
LCD screen without the use digital image captured for examined leaves rather than, it is portable and 
readily to be used directly on field. Moreover, the colour sensor device illuminates the examined 
citrus leaf surface using light source within the sensor, which eliminates any prospective light 
reflections. While, color sensor device has disadvantage as, the reading area of the sensor 
(Photodiode) is very small so we need to get the average of many recorded readings for the examined 
leaf. 

Figure (7) shows the relationship between values of the (RGB) color bands recorded by the 
color sensor and the ones obtained from leaf image analysis; it clearly appears that they both nearly 
followed the same trend for the three measured colors.  

Correlation between both reading for each color Figure(8) obviously illustrate that, there is a 
high degree of correlation between intensity  values for (RGB) colors obtained from leaf image 
analysis and those from color sensor  device, which  wasproven by Seelye et al. (2011) who pointed 
out that, low cost colour sensor, was useful to provide accurate (RGB) readings. As they use color 
sensor in a modified plant micropropagation system for monitoring the   color of leaves as an 
indicator for stress due to any change in nutrient concentrations during micropropagation and utilize  
“Konica Minolta CM-700D Spectrophotometer” to validate and calibrate the (RGB) color  sensors .   
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  Fig. 7: Relation between Image RGB color component and sensor (RGB) color components 
 
 

  Fig. 8: Correlation between Image (RGB) color component and sensor (RGB) color components 

Conclusion 
 

Results of the current study suggest that, leaf color image analysis technique could be used for 
estimating nitrogen status in both citrus seedlings and grafted trees. As the results revealed that, 
chlorophyll which is responsible for greenish of leaves, proved to be highly correlated with nitrogen, 
where it is an essential element for chlorophyll formation, and   the basic color components (RGB) 
and their indexes i.e., (NRGB) & (DGCI). 

 (NRGB) index ,which derived from the basic three color bands red, green and blue (RGB) model 
for color  image analysis , considered to be   the  most particular   in correlating leaf image analysis 
data  with leaf nitrogen content  which  in turn may be used to   estimate nitrogen status   in citrus. 
Furthermore, image analysis provides a low cost, reliable and fast technique for nitrogen prediction.  
Besides, we may assume that, portable Color sensor device could be utilized to compute the values of 
leaf basic color intensity (RGB) for citrus leaf so as to calculate (NRGB) index. Yet, more 
investigations need to be carried out in this concern to validate that correlation on a larger scale and 
on other citrus varieties.  
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Furthermore, computer program (software) could be invented providing direct and costless tool for 
nitrogen content prediction in citrus orchards.  
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